INTRODUCTION
Castor oil is used as a coupling liquid between transducers and the sea in various acoustic devices. Some specific volume data as a function of temperature at atmospheric pressure' 1 )' 2 ), and some data as a function of pressure at 40 o C^2' are available, but a more complete reference for specific volume as a function of both temperature and pressure is not available. The wide use of castor oil in acoustic devices indicates that a more thorough knowledge of the thermodynamic properties of this liquid will be of value. When coupled with sound velocity data, this data can be used to determine acoustic impedance of castor oil as a function of temperature and pressure.
EQUIPMENT
The differential transformer densitometer used for specific volume measurements is described in detail in reference (3) . However, since that report was written the calibration equation has been changed from a parabolic in temperature, T, to a cubic in T. The new calibration equation is discussed in the Theory section of this report.
The instrumentation required for monitoring and controlling the physical environmen >f the densitometer is described in reference (4) . Since tii^c report the pressure measuring instrumentation has been improved. A pressure sensitive manganin cell constitutes one arm of a Mueller resistance bridge. The output of the bridge is amplified by a photo-electric galvanometer and then monitored by a spotlight galvanometer. This equipment provides measurement of pressure to 1/4 of 1 psi over the pressure range of 14.7 to 15000 psia.
PROCEDURE
The bath surrounding the differential transformer densitometer was brought to the desired temperature and allowed to remain overnight. The system was then pumped to the desired pressure and allowed to stand for thirty minutes so that the densitometer and contents could return to bath temperature. The data for that particular temperature and pressure was then recorded. In this manner, measurements at a particular temperature were taken over the pressure range 14.7 -14000 psia in 1000 psia increments. The procedure was repeated at 5 0 C intervals from 0 to 40 o C.
NOLTR 66-68 r i ' THEORY
Tlie differential transformer densitometer has been calibrated to relate specific volume to a length measurement. The secondary of the transformer is wound on a shaft which is spring loaded against a bellows that contains the test liquid. As pressure and(or) temperature change(s), the liquid in the bellows expands or contracts, causing the secondary to move relative to the primary, and a change in output from the transformer occurs. An exact replica of the differential transformer is contained in a separate housing and its secondary is mcved by means of a micrometer screw. The outputs of the transformers feed opposite arms of a diode bridge. Thus a movement of the bellows can be measured quite precisely by adjusting the micrometer screw for a null in the bridge detector.
Specific volume data for dis -liej water 
Values for the B ' s are given in Table I .
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The total volume of the densitoroeter was then determined by the equation Measurements were then taken for castor oil over the specified temperature and pressure range. The values for specific volume of castor oil were calculated using the equation where R is the ratio
M . Mco
Obtaining R by direct methods proved unsatisfactory, due to the relatively large mass of the densitometer (--500 g) . A heavier, less precise balance had to be used, so that the difference between the full and empty weighings, i.e., the mass of the liquid in the densitometer, was not known to the desired precision. It w^s decided to obtain R by the pycnometer method. The specific volume of castor oil was determined by this methcd(lfr) and found to be (6) and the isothermal compressibility is given by Thus thermal expansion and isothermal compressiblity were obtained by differentiating equation ( consisting "largely (of) glycerides of ricinoleic and isoricinoleic acids, with small amount saturated acids". Del Grosso^) lists data for "Baker castor oil" whose properties are close to those in the brochure mentioned above. The present data will be compared to these two references. It is to be emphasized however that such terms as "85%" and "largely" do not specify the composition of thf» castor oil to a close enough degree to expect agreement to within the precision of the measurements taken.
Specific volume, thermal expansion and isothermal compressibility data are given in Tables III, IV and V respectively. Specific volume vs temperature and specific volume vs pressure are given in Figures 1 and 2 respectively.
Comparisons with other data are given in Tables VI and  VII, Table VI compares the densitcmeter data with that of Hubl from the Critical Tables^2' and Del Grosso(^ at atmospheric pressure. Table VII compares the densitoroettr data with that of Kahlbaum and RSber^2) as a function of pressure at 40 o C.
As can be seen in Table VI , the densitcmeter data agrees quite closely with Critical Tables data, differing on the average by 3 parts in 10,000, Del Grosso's data is, on the average,, some 7 parts in 1000 higher over the range.
In Table VII, con>parison with Critical Tables data shows  a Tables at 40 o C, 1 atm, given in Table VI to that in Table VII shows the two values differing by 5 parts in 1000. These values from the Critical Tables are from reports by different experimenters, supposedly on the same type of castor oil and serve to illustrate the scatter in available specific volume data.
The accuracy of the densitgmeter method used is, of course, limited ultimately by the data^5) < 6 ' W (*> ^ used to calibrate the instrument. Even so, it is difficult to estimate the accuracy of the densitometer castor oil data due to the fact that there is a considerable spread in values from the literature and the belief that the present data and earlier data could very well be from different types of castor oil.
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The ability of the instrumentation to measure temperature, pressure and bellows position warrants a claim of precision of 1 part in 10,000. One should be careful, however, in applying precision data to a given castor oil, due to the differences among types. 
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